Calprotectin is a protein in neutrophil cytoplasm and abscess fluids that appears to inhibit microbial growth through competition for zinc. This study was undertaken to identify specific sites that might be responsible for the protein's zinc-binding antimicrobial activity. A review of published calprotectin amino acid sequences revealed the HEXXH motif of thermolysin-type metalloproteases and an HHH polyhistidine sequence near the C-terminus of the protein's heavy chain. Reagent polyhistidine had antimicrobial activity against Candida albicans similar to that of calprotectin. Also, one type of HEXXHcontaining thermolysin was inactive in the C. albicans assay, whereas a protein tagged with six Cterminal histidines did have calprotectin-like zinc-reversible antimicrobial activity. The activity of polyhistidine, as well as that of calprotectin itself, was reversed by addition of zinc or treatment with the histidine-modifying compound diethylpyrocarbonate. These results suggest that calprotectin's antimicrobial activity may be related to certain histidine-based zinc-binding sequences.
Neutrophil cytoplasm and abscess fluid supernatants have and a final histidine. This sequence is designated as the HEXXH motif. In the metalloprotease thermolysin, the significant growth inhibitory activity against pathogenic microorganisms [1, 2] . This activity is due primarily to calprotectin, HEXXH motif contains all the residues that have been positively identified as part of the active site [7] . a protein complex that represents a major component of both human and mouse abscess fluid supernatants [1] . Calprotectin Calprotectin has recently been noted to contain the HEXXH motif [8] . Published amino acid sequences for calprotectin [9, is a calcium-and zinc-binding protein related to the S100 calcium-binding proteins [2, 3] . This substance consists of a 10] show the HEXXH zinc-binding motif of metalloproteases to be present in the heavy chains from both human and mouse complex of two smaller peptide chains, referred to as the light and heavy chains; these are equivalent, respectively, to the calprotectin, as well as in the human light chain. It should be noted that both mouse and human calprotectin have zincproteins termed MRP 8 and MRP 14 [3] . Several studies have demonstrated that calprotectin's growth inhibitory effects are reversible antimicrobial activity [1] . The specific sequences in these areas are as follows (amino acid position of the first listed entirely reversible by micromolar quantities of zinc [1, 2, 4] . Recent work indicates that the protein competes with the organresidue is given in parentheses and the histidine-containing sites are underlined): human light chain HEXXH: (80) isms for this metal [4, 5] .
The S100 class of calcium-binding proteins is known to bind VAAHKKSHEESHKE; mouse light chain (same area): (74) MVIKVGVSHKDSHKE; human heavy chain HEXXH: (87) zinc in addition to calcium. The active zinc-binding sites in these proteins are thought to involve histidines that are outside TWASHEKMHEGDEG; mouse heavy chain HEXXH: (49) FACHEKLHENNPRSI. of the known calcium-binding sequences [6] . Histidines are involved in the active sites of many zinc-binding proteins, In addition, histidine itself can bind zinc through its imidazole side chain, and individual histidines or polyhistidine sepresumably due to their nitrogen-containing imidazole side chains. A unique signature sequence containing histidine has quences might also be expected to have zinc-binding activity. Examination of the published calprotectin amino acid sebeen identified as an important component in a wide variety of zinc-dependent metalloproteases [7] . This sequence consists quences revealed that the human heavy chain contained a series of three sequential histidines, whereas the mouse heavy chain of five residues, of which three are conserved -an initial histidine, followed by a glutamic acid, two variable amino acids, has alternate histidines at this site. These sequences are as follows: human heavy chain HHH: (100) GPGHHHKPGLGEGTP; mouse heavy chain (same area): (93) EAQLATFMRGHGHSH. The purpose of the present study was to examine more (DEPC) were all obtained from Sigma (St. Louis). DEPC was lysates of human buffy coat neutrophils obtained at the Blood Center of Southeastern Wisconsin (Milwaukee). The method used a protein purification system (FPLC; Pharmacia-LKB Biotechnology, Piscataway, NJ). The neutrophils were lysed by freezing and of Sabouraud dextrose broth with various concentrations of the thawing and ultracentrifuged to remove particulate material. The test substances. The plates were incubated at 37ЊC for 24 h; then resulting preparations were desalted on a fast desalting column the contents of the wells were mixed and the number of yeast cells (HR 10/10). They were then applied to an ion exchange column present determined microscopically using a counting chamber. The (HiLoad 26/10 Q Sepharose) and eluted with an NaCl gradient; results were expressed as log 10 number of yeast cells per milliliter the active fractions eluted at Ç325-375 mM NaCl. These active minus the initial inoculum. calprotectin's antimicrobial activity, experiments were undertaken to damage the histidine residues with the specific histidinemodifying reagent, DEPC. As shown in table 2, calprotectin HEXXH zinc-binding motif of thermolysin-type metalloprohost iron-binding proteins [15] . Other zinc-binding proteins could function similarly, although the exact sequences required teases. In addition, the heavy chain of human calprotectin was to generate antimicrobial activity will have to be determined found to contain an HHH polyhistidine sequence, whereas the by future studies. same location on the mouse heavy chain contains three alternatIn summary, the results described above suggest that certain ing histidines. Protease X, a thermolysin-type metalloprotease histidine-based zinc-binding sequences may be related to the that has the HEXXH motif, did not have anti-Candida activity antimicrobial activity of calprotectin. Two such sites that may in our assay. On the other hand, an unrelated protein tagged be involved in producing this activity are short polyhistidine with a series of six histidines at its C-terminus did have this sequences and certain variants of the HEXXH motif of therkind of activity. Reagent polyhistidine was found to have zincmolysin-type metalloproteases. reversible growth-inhibitory activity against C. albicans that was similar to that in calprotectin. The antimicrobial activity of both polyhistidine and purified calprotectin was inhibited
